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(54) MULTI-JOINT MANIPULATOR, ITS MANUFACTURING METHOD AND ACTUATOR 

(57)Abstract: 

PURPOSE: To offer a multi-joint manipulator of large power generating ^^^P ^^ 'T^! 

capability and displacement quantity and capable or being miniaturized by * >rr W ■' 

providing an actuator control chip array and a driving body for the actuator 
equipped with a driving energy supplying means correspondingly to respective 
joints, and allowing them to have a degree of freedom for each electronic circuit 
chip for each actuator control. 

CONSTITUTION: A driving mechanism 'a' is formed by means of forming a 
shape memory alloy thin film pattern 35, coated with silicone film oxide made 
insulation film 10, 12, 34, a heating wire pattern 26 and a polyimide film 36, on a 
P type low concentration semiconductor substrate 1 . A pair of the shape 
memory alloy thin film pattern 35 of the driving mechanism body a' is arranged 
correspondingly to the respective joints 37 of a multi-joint structure body V 
composed of joints 37 connected together at a connecting portion 38 with its 
electronic circuit portion placed on the top of the multi-joint structure body 'b\ 




The shape memory alloy thin film pattern 35 is mounted on three mounting units 39 (39a, 39b, 39b) laid 
across two joints 37 on both sides of the structure body V. Respective joint built-in sensor are driven 
through this control chip array. 
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(54) [JHS4>«ft:] #BM^^»liu-*2tlHe©»a3EF8:i:7*f-»:x:--* 



(57) "[«&] 

/X y * MWffl O-fe >U— UTrtKT « C d: 

sftfc*»f^«isi&*-*:/7u--**Msu cntcK 





J- v Zf&%MtfS.W$k\Z J; o TftK\Z&m Lfc7 Z 3^x 

m7?3 L 3.*-?Mmmn?®&Tv7<D&«\z 
m l T'pfc < t =b i ^ co g sag $ #-r -5 c t t-r 

is 7 z j- i x- * mwrnw-tf-w-mtfL s nfc c £ 
immms] M§mW)mwmzffi.&$tT<ib k> , mib 

x*;l^-#y&5Fg:^ ^!B^«IBtt#^*iDift-rsfe 

^UStnTXa.fcfV-;?. 
[8t*Jl4] MfB7^5 1 n.x-^$iJt$p^-y7 P 7l— 

#Ki5icm^snfc-fe>-y— coma. u$tg 
* *-r s z. t zftmtrzm&m i ciBeco^wgiiv- 

[»*JS5] &PM5K7^:rX-^fMWBS^|E]g§ 

<D-^tfKm^^KZfttzS%mMmzttfeLT. &m 
Biz®.Zhih£.ritz±.>-v—<Dmmz<i:iT, &mb<z>7 

m^6] *mtemwL±e>m&o>mm\znT®&z 
BrfLL, z\n<b^^m'mmmizj:-Dxmm.\zmmi, 

z>z.l\z&-dx. Tz^z-^-fmm^-yfy 

mt. 

z\<D±izmmm*B!&L, ztazmm-?* 

mvimtemnm* y^mmiz^^,xmm±mmm±mz 
m&mz&mzmm-TziLmt&^-rz z. t^tt-r 

6 (CfBScCO^SInV- i tl^-^coMifi^. 

T3f^«(CiQI$nit^t>:IB1t^^M2:iEgbfe7 

UT^«IB»^^}»IKcoffie^&©JfP 
-Tl>-i:$:#®ibfe7^^x-^ 0 



6- 9 1*5 8 2 ■ 




£ t. £T 8 KB«© 7 i7 

[0 0 0 1 ] 

fa. 

[0 0 0 2] 

ntus. d©feje>iw«, yj y^*fi.«cogcffit7 
a^gre&So ^ntcK»L-T, ls imm&m 

L/fc -> U 3 >v-f £ n-7 > ^(co UTS* & 
Vifc d n £> COKlft C/B US tl-5 7 i7 5^3. X— 37 tt, 

O /to 

[0 0 0 3] — ^ ^«IB|ft^€r?iJfflLfc7i7^3.X 

£MBT-3-¥U—9 £VT\t. Mx.tt&MBB6 3- 1 
3 6 0 1 4^IStr||^$tlT^i)^ffi^»]?,tlT^ 
-5. CCD+lCtt, ^-HiBcov-zLtfk— ^C0#^CD7^ 
5=-iX-^^3£iL(C$iJHL, $?»tC. 7^- f>V\*-^^$iJ 

ip-f -a $ nt ^ ^> . 

[0 0 0 4] 

@5^xtfa.l/-^colg7cg|5^T, #<©iB^i2-St^: 

-eco?-y7 p ^ , 7'rir-#>^^ >*fm&-zw&\zmmT 

[0 0 0 5] 7-f — h*A-yi7a^C0fc«6O-fe> 

[0 0 0 6] *%ajtt, C©J:-5/«ca>ir05raS^IZffi*- 



- 2 - 



Wtm-T- O — » 1 O O 6 



-VAyi; rnwrn ©-t >u— * — l t i*3«-r a c 

[0 0 0 7] 

$ ic «fc o Tttstcttfli u ft 7 z 3.-9 mm? v -? 7 

x- * ©jffliffl *feb? •* y© § * lc*f b T4>& < t h 

tS^T»oT, iWf2x*;u4 £ -#M&#g:#. tfriajEM* 
Eflt^&ftftURT -s *tie>© t— t*& s ^his^x a 

brU-*T*S. WE7*^:xX— *ft»!5=-y:/:? , l'— 

tt**T-&#E»-7=:ifc!l'-*T**. ±fc, SUSS! 
IC 7 £ jl X- * fMfPffl S^lsJSS ft #T -5 #18 In T x a. 

If-WStCt^T; &Hgn©7^:xX-*ft;7^- 

#*«±©tHko««c«^®Bt»«L. ^ne-ft^ 

*£E»««CJ::3TffiSlCtt«Lfc«. Wie*^leIS§ 
ft^J&L;fci^©ffi«©¥*te*«ftl$*-rs - £ (Cck 
oT. 7?faI-^l(HPfy^7HS»«r«#B 
ISTXitfU-^roSjft^ffiT-fea. C©#PIR 
v^ib!U-^©8liS^rffiC*3lriT, EE£tt&E*M 

*3&»*«±c»««ft'^bT*«»Kft»j«r*ia 
aiit. c©±jcttii«ft»i«u. cnic*5fe-7x^ 

'©EE/t*->ftEi«U ^!5^S»M±gi5©*e^JKft 

ftwr-s^MB^xatru-^oBia^acir**. s 

TES^ttlCtolS ftfc#ttE«£-fcSfltftEB L fc 7 
ft*ijffl LTBJBttEtt£&&K©4e£&ftlMttl 

^*»«tBi;3&>-tn«ko ! b»v»a»Aft*-r*»ttE 
tf. jentftEiciotaittsn. L*»t>. MMssft 

£¥E#»«EB?-y:77 , U--ft«l«U iniCEM 
^•fe>-y— ft-*WBBELT«*T«/hJa:Kil!i«**«rit 




Eil©»J«-^-t>-y— *ttKft*©ffl*ii*»4. 

a. 

[0 0 0 8] 

[JkllM #!?BJ©®i©*JE0iJft. Hi»6Hi3t 

[0009] SSJ, aii:st<t5i:. E^{£3fi« (10 
0) ©PS<£Sg¥*#*«l±©*ti&(lj?Tfc. U>© 

-r *>aAa^s»*R*xsftfflt»T«&jS6a i o wm © 

NI«{£ig£fS^2 , 3 ft— yafctt^T«WI»**tf T» 
fiST*. ifcic, B2ic*-rJ:3lc. &^©NM{£igSffi 
i$,3&^T. Pch-MOS FETftJ^fig-r-Sfi^EfCN^ 
xJU4ft. Nch-MOS FETftJEWTaEWCPCrx 

;u5ft-en^n^-r-5. 

[0 0 10] £©!£, HI3lC^-r<t5tC. 
{fcJ&6. y-K««7, PMiSiiggitffcJf 8. NMifiS 

0, ^l^S^Il 10»*Ii*gT. «-*©NSJ 
ffi«*B*3»CCMOSB«E!6ft»l«U SSlC. # 

u i* = H=t omzm 2 ©emeek i 2 ft^^-ra. 

[0.0 1 l] c©J:5lcNMf£SS®^3tc^ES:$na 

cMos*ani8§«. m 4 \ZTFt? zotemtsmtfiiztfo 

TV>3. DS7'J y77n«,zf (DFF) 1 3 

e« i 8 . as i ©k«i^©«^®^ 19. S2 <Dmmm 

©S8^6S^2 0, tHA«E«©«IH 1 Ett2 1. fcB^GN 
D*©*mw«2 2. UAiqM!fll««l©j8?E«2 3, 
R^a*«IIMR©iEP««2'4ft*bTl>*. N 
Si£S^M@2 CMSn^CMOSiiisISii. 1214 

X'fjkLtz^m^omz, «K:ttwr*fli*«iaiHiK. 

[00 12] *(C. 12 5 (C^Ttfc 'S IC. mi£.CDiiLm.\ZT 
i »KlC«fc5«i«Ai'->2 6ST i <D7rty-5>RZf 
U V ^ 7 7 ^ -IllCtt) TMti. K»T. 06(C 

^-r^fc^tc. ®^©7^- hu y^77-f- fctoTsais 

1 6**5 2 4©&^©«TS^tcn>^d7 h?L2 7 ft-5- 
[0 0 13] *IC. E 7 (C^Tcfc 5 IC. 12^11^1 
©7* MJV^77-<-i;it.tA l ft/i^-x>^b 
©«E«. GNDi. EWA^E, M»»03>^i7h 




?L2 7€gllt, m2&mmmmiz&z. «Hi£Sjl2 

8. GNDia^2 9, mmm^mu3o, ®mum3 1 
stfn i ©ffiKjigitn^Hg&wgtKKW- snfc 2 ^©m 

^*/^->©— #£»«T*JBlttftE*3 2 4:. Sf§ 

2 OK«illl4:«?lBl»©*lcaS!W-6nfc 2 

* — >OMS:g!8i!t5l2ffi»E«3 3 Sr^ft-^ftifg 

i ttfcHtbTA 1 ©X 5 /^>^jSS^jI^X-y5 1 ^> h 

[0 0 14] El 8 9 tC^f <fc ? f£. ^©± 

t::?g3©JfP H lif!g»Si3 4t&5fS2(imO#U'f5 F 
KSrm^fiKb. SEC C©±lC/?$ 5 0 wm©^«cte 
ttt^&WKS^AW^CirjTJBJSU 5C, ~©±(C 

oTXyf^yL TEEM* t. ft S ^«IB«^^SM/1 * 
->3 5itO±«©#U-f 5 K«3 6*#j£T3. 
[0 0 15] ^ft^TSB^fcW? ®K« 

3 MIHJ&MK 3 4 . WfH 2 JimMMHK 1 2 * U V ^ 5 
^-Iglci^Tx^^RfcSLfcgL »£©^« 

SLfclT. Nfflfi«flE««2Rt;3K: 1 V©«JE£i=p 

Snb&**£8 or© i owxcDTyt-Tmmtp-zv&m 

T5ECE (electrochemical controlled etching) © 
X-y?>^fCctoT^*-r?). — CMOS ESS!:: 

®Ei2 8^-f7Xt^^ttr, N£Hgaftfi(tt2, 
[00 16] 7yS^«fi:<t-3tyij3>S 

ibntojB i Ami&ftK i o oNSfiiKme^ostii 

[0 0 17] C©«1CLT, **Cfc#y UJ^E£j2*C 

[ooi 8i~H©a,1i«ia*^*«»©«j(wik-3' 
s fs*t£ m vf tzmmr-tem i, 4ooi:tmm 

[0019] jfetC, 11 1 0 Rt/gj 1 1 IC^T <b 2&ifeW 
l ' ,' wm&fcb&mMTZ. ZtLitTjUJA (meUMn ject 
i o!T^oWJ ^oT^¥ft7 ^J©gH 3 7 EL jjp 
• ±Tgl©^fgltC B»]T-^ SJ: o jCgg^ 3_8JjtkJ 
*»SftTl»«. gfc. J&gjj 3 7 ttMWtC 3 m-^p<DM 



4#M¥6 - 9 1 5 8 2' 
. * > 

Eg^ttE jfefegfr-^ a &»H p _ ^ - 

[0 0 2 1] a-fc, -#<Prett Btt^£»«/^-> 3 
5 tt, «fr ■ OBft ^g^T jffPtt frf 5 d £ «fcjK_»W § - 2 

^litSLftJ>o »«E*£&»«/X*->3 5fcfc 

e:O3oc0Hf+ttffi3 9 a, 39b, 3 9 b<D^X\ M 

. «3 9 b-ef4**lfttg*fCft<J14:*«-C#*«fc'3K:Bl 
DWtfeft*. »*E*#4|»m/^^ — >«o 

rz, mEfi^iaB«w±ft*«r*4*oEBtt«s3 7 

[0 0 2 2] ^OJ:?lcBftW«#a^HflSttifi#b 
J*ia^a^«^3fta*HISv— KiU-^fcictS 

in 3 7 0M«lcB«Sftfc»«Ett**«K/X^-- 
>3 5lt JCI8jftK±<7)S«CJPj»*ftfci#K:»3 7 
OjgiSgB3 8€r J E-ft^ft3?^(lffitf^^^f^$i± 

Jj*mm-?Z>Z£\z£-oT, *fttc*#rts:UfcStta53 8 
S: S "& e» CO ^ffi] I Z ft a £ £ ^ a o 

[0023] z(D£v\zffi&2nrc&m%D-?~¥ 
^u-fcDmnzm 1 3 T^-rit^ jCctoTff ic 

O^TBWtS. en 3 7C0^nfST ! $>ofci:-r^^:, 
Z. <DT- tf l^-^i5^|^7jCSM 
tt, 2 j^v'bgs^^ 

[0 0 2 4] C CT\ 2 nlBO/^I/X^AAd^TL/fc 
»i»WJ««oj|»ooi**JT 1 {c^tj-a, ArtflM*>e>S: 

ATkS§C0ln3 7 (ca@-r^i, CC0gn3 7CD«^lHl 
B»CJ4, 2 (n-k) +l#gi:2 (n-k) +2#g 
©DF F 1 3**a-$ftT430. 2 (n-k) + l#gCD 

©t, k#gC0ln3 7 0ggODFF 1 3 f4L o^JlT 
$>0, 2 (n-k) +2#SoraW«^*<£%l:*<SI8 

oay«fli^«tt, h i wmT~&zoT~kmm<DmBOM 
[0025] ra»«#3&«A*sftft^»2«pisi 



4 



- 9 15 8 2 




-5. Sg 1 ^tS«IC*5^T->7 r- l^->*7.^T©Jfflff^ 
SjM$n-5^IC«. 2 (n-k) + l#B©k'y ha<H 

i «ag «t & s sip^ & s a*, mi i$m«tt ©i $ 3&*jb 2 

i>^P B 1<fc0t)3te»(C^ttn«. ftJB±ttNMfc<r>. Z\<D 
fttt^UfcSftftHi^Ctt. D F FfflX< vf->tfm 

*l-3O*ffi(*niI4:UT*0fiL, » 1 KPH)fMKR:«(t 

^ - >g-&5g> ^i*iK i bafta-a-sc:j:a <Tg&. 

[0 0 2 6] C©J:3ft«lfi£tC,J:tU:g, MfflBtt. H!% 

g _j - v. »^ifc«ti»*tt >*«tMiMtiiac 

To 0 2 7] ft*. 0 1 3 K^bJt:£i£T«, #Plh"V 

r-tfii^-^co^ins 7«. #ttE«£fc©ei*aftfc 

■5 « T? * * Bft#ft © 7 -f - H A y ^ «» K: J: o 
[0 0 2 8] cntCtt^<t?^W*fe*»#jl&tl**<. 

«tLTtt»«tt*«»K^>*tt»«0#KfK:««r»T i 
-N i frftfttiHtf 611*. «*tt*ffl«flE*6H-C:a— * 

[0 0 2 9] ^i^isEtlfci-C. ^«IEtg^^ 

-HAy^WtP*ff5*ftC"3t>T, HI 4*fflt>TR 
Wr*. Cu-pliH13 0R«OIRtBlflll:, £HIn^ 
-\Lo.V- *ttnB©BS*U l^IelKaffibT 
2 n t'7 h©->7 hl/yX^SMLTU4. 
[0 0 3 0] Z.<T>9< A^-fr— h^6»*^«fc-5IC, M 

s?tc*3^*m&B$pj3smi. i2. as 3 © 3 rxansra® 

JSHi^/t^Ts^fca^sn. ^^©jtiOBticmrg:© 
ty h ©«&**!&& Stl*. a-DTJBl«flBl«««:ai; 




T, Bl 3KfclrrcK9JLfc©£Bi;*fcT»2l*W« 

[0 0 3 1] C©fg, A^-r— HcteBSLT 

HfcHjJt, ftnB^a&Lotttt&lsfeSSBMflreB 
K2na©/^PX*H1*UT. SDFF&Lo«ItL 
T!*S*lWra«*«>ffi3ICR«. CO±5ft:ffl3S«r3t 

[0 0 3 2] exy/ggfrji^atrr.&.aiiXZ^ , 

i Ti i <^TEak£St®.#J L£ s& s iuc o i^t , m i 

5»6B1 8 < £fl!^TBft9iT-5 . *1\ HI 1 5CSTJ: 

srersnHfiSiEiw* 3 © + ic * nfc n •> i ;u 4 * , 

BBSBl ecSST.tSfcBXT*. Cinteituaiiil-fcEl 
3O0KCMIC2 K7 hCDDFFtX-fy^ffl hy 
>->*7,^5rii»PLfct)©T. 5lDD$n^:a5^tC«mi fc! 

1 0 2 £-£A/-?l/>« (II 1 6 S#M) . 
[0 0 3 3] StC. Ell 7tl^T<fc?tC. 0 71'TSLfe 
3 ? h?L 2 7 SI 1 KX'/SStttUUIUrPWKl 1 

o i i*2 exv/tttt»ai»«m»« 1 o 2&£zfmz 

M&ZtltZNVx.)l±<bmmz%Ml$L-tZ>. "T, n 
©^SfcJ&/££nfcN*xJl/4©BSg<&ll>$'i7 h?L© 

«»««i:»*sn*»2 *B£ft ff 

•5. 

[0 0 3 4] *(C, El 1 8 (C^-f «fc5K:. EJ7T1&HJL, 

©tfX'/JgSx^t^-SNdJl/O-^^SIl tfx>/}g 
ta^ffi^SS^SS^ 1 0 1 Oa>?? S?L2 7 tSMTS 
» 1 Kxv/*tt»aE» 1 0 3 iij»«yt^->oT» 
ick^ ^.nfc 2 o w tfxv/ffiin^^t^c* n 7x;i/©<i!i 

^r*SB2 lfXl/lfittttffl*«^«*l 0 2©3>^i7 h 

7L2 7 t&mtzmz Kx'/iatt*iae»i 0 4%mi$. 

[0 0 3 5] H8A^6I2I1 2 lC^Lfc©<h|B]m© 

^mT^WBV-lfiU-^^EfcSt!-*. ECE (el 
ectrochemical controlled etching) SSHtC&t^TW:. 
El 1 6(C^UfcC©ls]KeifiXT«. mjRMlfc-^-Wa 
©T815© n r> x^fi^fcmiS^t^SE* ©T. 
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[0 0 3 6] $iJ»^ffi«S*:WCtt01 4 IC^LfcWi: 
HUtT^-S^. h5(*)©D F F©&#2fl5£&oT^£>© 
T\ US 1 2 MNHfH*C*V>T 2 flSORCHJJMI^ 

/tM^gi&S. m 1 B#ra««cfC*5^Ttt 1 0©A° 

T*Ii!t/t;WtA*l/T. f5rS©«f&t-:?-E;£l£ 
SStfctgfCLT. £©«»*» 3 BSMMWTtfftT*. 
CO*. 1Wfi«**fcLott*£L;fc£3^JJJ«*lllK: 
4 nfflCD/^;i^7.Sa*bT, &DFF^LottIilT 

*e»msras«©fflii:M4. ;r©<fc-5fc$&g£?t# 

T&fE®!#©ffi5ttfE1fil§r££f!fr£©£&(;:li *T « C £ 
[0 0 3 7] BtM EcrettEtt^attPaHfttt 

*L ■ 

[0 0 3 8] sr. NSIfiaSttWttSlC^SiftS^ig 

9 0i:if t toi:EIt5. cn«H 3 ©IeISS 

CJEIC 2 If y h©DF F 1 3 tX-fyf h7>i? 

■MHfttt*ail**f««2 0 1 &*2mttttiMfttittl 
SSPF««2 0 2mW5. dCT. JglRtfi62« 
tt*J&&4fetUSIIflmKtt2 0 1, 2 0 2 ©-#tt. A* 
«*IR«mK* 1 5 &ttft*SIR4KMK*2 1 XiZtf. 

<. *jtffl**nfcA*iasiiftia«»«sflHF««2 o 3 

£>. fc£U ISLT^^l^i, [eJ8§I*3©4(1©DF F 

[0 0 3 9] 02 0lC^-r«fc-5(C. 0 7 "VsRflM L 

&E*©ffllK:, — ^©milM*/^ — >©Pr«£*l«» 
#*SttlftHi*illHP»« 2 0 1 CD3>^i7 h?L2 7 ±:aEM 
T51 imfij#ffitri^tlliE^2 0 5 £, fiHTOttMtW 
5'->(DpfiiJtM2mi*#:S^tBSffi ; ?^2 0 2 CD 
n>** h?Litt«-rsj|S2B»flc»«t«iIHE«2 0 6 

tt^mE^2 0 7£jgjj£r S. 
[0 0 4 0] ^(C. 121 Rtf 0 2 2 (C^T <fc 5 IC. jR 
U-f 5 HJ:0riE**3WJIIBItt»Bl2 0 8S»dEU. £ 

com i a# ss 2 o>mmw&m&i\&mwk<n9tWii\z. u v y 

77^-Iii:ioT3>^^ h?L2 0 9 £Jgs£U BE 



K, EI8C0J®^-tPI«»C. CCO±(CJ¥5 5 0 nm<Dfc& 

w&£&MWk*:7*rty9\z£.-oXM&is, sec. ccd± 

A*->3 5 t-toiWrojKU-f 5 6 
•S. 

[0 0 4 1] C©«. 01 Qfr^mi 2\Z7jkLtz<Dtm 

inHt&ffi©fciSD(c. SfEISI'ffSt-^-iSft'jfc 
S2S£ffl(^T^5©tt, KEb^tUTffl^-S^IBIfe^ 

rs©-?. z.n&ffiitTz>fzst>Tfoz>* 
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